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Thermal Diffusivity Measurement of Diamond Materials

LoWer, DN Knosand RO Thomas

Department of Phyvsies and Institute tor Manutacturing Rescarch.
Wavne State University, Detrom, MEAR202, USA

Abstract. I'he thermal wave nurage etiect technigue s appiied o the detemunation ot thermut
srapertioy ot polvenvstailine diamona shabs ana single ervstal diamonas ot ditferent sotooie
Compositons s method s wedd saed tor these hinds of materniis

1. Introduction

Diamond as @ mateniat has many outstanding physical properties. The rareness of large natural
single vrvstals and the high commeraiat vilue has preventea rarge saanie apphcatons of many ot
ciamond s usctulness The only exception is the use ds abrasive matenal of svathene diamond
rowder made by high pressure and high temperature processes with a volume exceeding
~everal hundred tons per sear There are two recent developments that are changing the
situation The first s the rapd progress in the wehnique of making diamond by low
wemperaiure. low pressure processes. s witnessed by the iereasing number of screnufic
conterences and publications dedicated o this wopic. These processes promise not oniv high
srowth rate and farge area production of polverystalhine diamonds. but also an end product
aiich has physical properties approaching those of pure diamond cryvstals. The second s the
secent discovery[ 1] that sotopically ennched diamond crystals are found 1o have an
sxtraordinartiy high thermal conductivity, Single ervatal diamonds with 99.9% = are tound
whave athermald conductivity about 507 higher than the best natural diamond crystals which
contamns 9919 Cl-0 Since diamond s already the best thermal conductor at room temperature
sive imes better than copper, a commonty used heat sink matenal) this tact has obvious
~aienunie and industriad implhicatons.

In order to help optimize the production process. it 1s important the thermal properties ot
diamond material be determuned accurately. quickly and preterably non-destructveiv, The
Sermal wavemmrage ettect method deseloped by the authors o recent vears| 2.3 has proved 1o
meet this challenge. We report the results of employing this method to measure the thermal
diffusivits ot thin slab polvervstailine diamonds at room temperature and single crvstal
Jdramonds of vanous isotopic contents over the temperature range 80-300K.,

We also introduce a modified Angstrom’s method in which the in-solid mirage etfect s used
o measure directly the temperature gradient in the intenior of a diamond crystal. This method
atters better accuracy in low wemperature range where the the diffusivity of diamond becomes
eveeedingly igh

2. The Experimental Methods

The thenmal wave/mirage ettect method for the measurement of thermat diffusivities ol layered
materals has been reported in detail.[2.3] Briefly. it uses a modulated laser beam focused on
the surtace of the sample as an altermating heat source to faunch a thermal wave 1n the solid and
ihe surrounding air. A second laser beam s bounced from the surtace to detect the temperature
cradient 1n the heated region. Because this method 1s non-contact, and it can measure distance
and ume with great precision, it is very suitable for the determination of thermal diffusivities of
thin tilms or thin slab matenals.
For single crystal diamond samples. a thin layer of metal film has to be deposited on the

surface 1o oot a5 heat aksorber. The film s necessary for any method which requires optical
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techmique 1n the moditied Angstrom method..
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SCAN DIRECTION

heating orantrared detection At very low temperature. the dirfusivity o diamond s expected
w0 rise about three orders of magnitude over 1ty toom temperature value,  This mukes e
presence of a metal film notso negligtble. For this reason we have resurrected o method used
by Angstrom more than a hundred vears agol4]. Angstrom used hot and cold water 1o launch a
thermal wave from one end of a sainpic wind used thermocouples attached (o vanes locations
dlong the sample to measure the phase and amplitude of the thermal wave as a funcuon ot
distance of propagauon to determine the thermal diffusivity of the sample. In our modified
method, the 1n sohd mirage method 15 used to replace the themmocouples as the temperature
probe. The schematic of the experimental arrangement 1s shown in Fie. 1. The sample s
mounted side a hyuid helium dewar with three opncal windows. The He-Ne Laser tor probe
beam and the murage detector are amounted in a single unut called the Monobloc developed by
Charbonnier et al[3]. The use of the Monobloc greatly reduces the difficulty of scanning the
probe beam retative to the sample and reduces low frequency noses from mechanical
vibrations

3. Results

We have applied our muragean-air technigue o a vanety ot polyerystatline diamond siabs
produved by o wide varteties of chemical vapor deposition processes. The resuling thermat
dittusivines varied widely with process parameters. The internal consistency of this method
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Fig. 2 Results of the mirage in solid and mirage in-air techniques in the measurement of
thermalconductivity of single crystal diamonds of different isotopic composition.
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hax provided manufacturers invaluable information to improve their process control. The
companson with other methods for the determmnation ot thermal properues is currently under
way.|6}]

Vo nave applied our mirage-in-air technigue 1o single crystal diamonds of different 1sotopic
compositions 1n the temperature range of 80-300K. The results are sunmmanzed in Fig 2.

4. Conclusions

We have demonstrated that the thermal wave/mirage techmque is suttable tor the detemunation
of thermal properties of diamond matertals and it is providing a valuable service to help
optimize the production Processes.
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